SUMMARY
2) of the design to include compression washers on each end of the core have allowed the electrode to expand within limited distances and minimized the consequences of the expansion. However, the compression washers do not maintain a specific compression on the components but operate over a specific range of force determined by their design. Thus in an operating cell the pressure on the stack components is changing continuously. Presented in this paper is a study to experimentally evaluate the effect of compression on the cell performance.
tionships of a 4 A-h, 3.5-in.-diameter cell as a function of the compression loading on the components.
An 80 percent
The life of an IPV nickel-hydrogen cell appears to be a function of the
This expansion
The purpose of this study was to measure the initial voltage-current rela-~~~ EXPERIMENTAL A photograph o f t h e experimental hardware used t o determine t h e e f f e c t o f component cornpression on t h e c e l l performance i s shown i n f l g u r e 1. A schematic diagram o f t h e c e l l assembly and component l o a d i n g mechanism i s shown i n f i g u r e 2.
An A i r Force b o i l e r p l a t e pressure vessel w i t h o u t a w a l l wick was supp o r t e d i n a v e r t i c a l p o s i t i o n . A 1/8-in. O-ring sealed male connector was threaded i n t o the bottom o f t h e pressure vessel. A l/B-in.-diameter s t a i n l e s s s t e e l rod attached t o t h e compression p l a t e a t t h e t o p o f t h e stack extended through the O-ring f i t t i n g . A T-shaped weight holder was suspended f r o m t h e feedthrough rod. S t e e l weights were l a i d on t h e h o l d e r t o t h e d e s i r e d loading.
The c e l l stack consisted o f f o u r u n i t c e l l s i n t h e back-to-back design. The n i c k e l electrodes were obtained from t h e A i r Force and t h e hydrogen e l e ctrodes from Eagle-Plcher.
Previous e v a l u a t l o n o f n i c k e l e l e c t r o d e s from t h e same l o t i n d i c a t e d they d i d n o t have l o n g c y c l e -l i f e c h a r a c t e r i s t l c s . This c h a r a c t e r i s t i c , however, d i d n o t a f f e c t t h e i r c y c l e -t o -c y c l e performance r e p r o d u c i b i l i t y over a s h o r t e v a l u a t i o n period. The n i c k e l e l e c t r o d e s were nominally 0.028 I n . t h i c k and had a c a p a c i t y o f about 1 A-h.
The hydrogen electrodes were nominally 0.006 i n . t h i c k . The separator was one l a y e r o f b e a t e r -t r e a t e d asbestos approxlmately 0.010 I n . t h i c k .
The c e l l stack was assembled w i t h d r y components. The stack was s a t u rated w l t h 31 percent KOH by vacuum b a c k f i l l i n g . Excess KOH was drained and t h e stack placed i n t h e pressure vessel. The c e l l assembly r e s t e d on p l a s t i c spacers i n t h e bottom o f t h e pressure vessel. The 1/8-in. feedthrough rod went through the center o f t h e stack core and was threaded i n t o t h e 1/8-in.-t h i c k s t a i n l e s s s t e e l compression p l a t e r e s t i n g on t o p o f t h e c e l l stack. Following evacuation t o about 1 t o r r t h e vessel was p r e s s u r i z e d w i t h approximately 50 p s i o f hydrogen.
Compression on t h e components was increased as weights were a p p l i e d t o t h e holder. The pressure a p p l i e d by t h e hydrogen gas on t h e 1/8-in.-diameter feedthrough rod added about 1-psi l o a d i n g t o t h e components i n t h e discharged s t a t e (H2 = 100 p s i ) and about 3 p s i a t f u l l charge (HZ = 250 p s i ) . compresslons stated i n t h e r e p o r t r e f e r t o t h e a c t u a l weight a p p l i e d on t h e holder.
Component RESULTS AND DISCUSSION
I n i t i a l l y the uncompressed stack loaded a t 0.94 p s i underwent t h r e e format i o n cycles using a C/10 t o 16 h r charge and a C/4 discharge. charge c a p a c i t y t o 0.9 V was 4.2 A-h. C y c l i n g parameters f o r t h i s study were based on a 4 A-h c a p a c i t y stack ( 1 A-h/nickel e l e c t r o d e ) . Voltage performance and amp-hour capacity f o r t h e second and t h i r d c y c l e s were i d e n t i c a l . c y c l i n g regime t o study t h e e f f e c t o f i n c r e a s i n g compression on t h e c e l l performance was begun on t h e f o u r t h cycle. Four c y c l e s a t a s p e c l f l c compression were run on t h e same day.
Heasured d i sThe
The stack was cycled a t 80 percent DOD u s i n g a 10 percent overcharge. Two cycles were performed w i t h a 0.96C, 55-min charge and a 1.37C, 35-min 2 .
. discharge followed by two cycles at the same charge rate but with a 2C, 24-mln discharge.
The various compression loadings evaluated are given in table I as the total weight applied to the holder and as the pressure per square inch of electrode/separator area. An improvement in performance of about 10 mV was observed as the compression was increased from 5.68 to 27.4 psl. However, the performance appears t o s t a b i l i z e a t t h e 16.5 p s i loading. i n f i g u r e 8. was observed a t any o f t h e loadings.
The charge performance r e s u l t s a r e g i v e n Only curves a t 5.68 and 27.4 p s i a r e shown because no d i f f e r e n c e
The c e l l was a l s o evaluated f o r t h e e f f e c t s o f s h o r t term l o a d i n g a t t h e maximum compression. r e s u l t e d i n a voltage increase o f about 10 mV f o r b o t h t h e discharge and charge.
i n performance during an o p e n -c i r c u i t stand. Standard c y c l i n g a f t e r 36 and 78 days on o p e n -c i r c u i t This change was n o t considered s i g n i f i c a n t b u t i s a t y p I c a l v a r i a t i o n Following the o p e n -c i r c u i t stand a LEO (0.96C. 55-min charge and 1.37C, 35-mIn discharge) c y c l i n g p e r i o d was i n i t i a t e d a t maximum loading. charge/dlscharge cycles some changes occurred i n t h e o v e r a l l performance when compared t o t h e i n i t i a l v o l t a g e c h a r a c t e r i s t i c s . n o t s i g n i f i c a n t or a f a c t o r o f t h e compression.
about 10 mV. t h e standard c h a r a c t e r i z a t i o n c y c l i n g regime t h e voltages were w i t h i n 10 mV o f t h e voltages before t h e extended c y c l i n g .
A f t e r 1100
This was expected and was Discharge voltages decreased about 30 mV b u t a f t e r undergoing
Charge voltages increased
The e f f e c t o f component compression on t h e performance was determined again f o l l o w i n g t h e 1100 continuous cycles. Three compressions, 0.94, 11.1, and 27.4 p s i were evaluated u s i n g t h e standard c h a r a c t e r i z a t i o n cycles. charge r e s u l t s are shown i n f i g u r e 9. 0.94 p s i t o e s t a b l i s h performance r e p r o d u c i b i l i t y . Voltage c h a r a c t e r i s t i c s f o r t h e discharges were n e a r l y i d e n t i c a l a t t h i s loading. then run a t 11.1 and 27.4 p s i . than a t 0.94 p s i . The 11.1 p s i c y c l e was between t h e o t h e r two.
D i sTwo 1.37C discharge cycles were r u n a t S i n g l e cycles were Voltages a t 27.4 p s i were about 10 mV g r e a t e r Charging performance a t 0.96C f o r t h e t h r e e compressions i s shown i n f i g u r e 10. formance was unaffected by t h e changes i n compression.
Except for some v o l t a g e d i f f e r e n c e s e a r l y i n t h e charges, t h e per-
CONCLUDING REHARKS
Throughout t h i s study t h e discharge performance o f t h e c e l l improved as t h e compression on t h e components increased. A v o l t a g e increase o f about 30 mV was observed during i n i t i a l cornpression o f t h e stack from 0.94 t o 27.4 p s i .
A f t e r 1100 LEO cycles t h e v o l t a g e increase was o n l y about 10 mV. An unexpected increase i n charging voltages was observed when t h e compression was increased.
During t h e i n i t i a l compression from 0.94 t o 27.4 p s i , voltages increased about 25 mV. However, a f t e r the stack had been compressed t o 19.2 p s i f u r t h e r changes ( b o t h higher and lower) i n t h e component compression d i d n o t a f f e c t t h e charging voltages.
Although only one c e l l was evaluated I n t h i s study and t h e o v e r a l l comp r e s s i o n range was l i m i t e d , a f e a s i b l e method was developed f o r f u r t h e r i n v e s t i g a t i o n s . 
